A comprehensive model for Coulomb scattering in inversion layers is presented. This model simultaneously takes into account the effects of: (i) the screening of charged centers by mobile carriers, (ii) the distribution of charged centers inside the structure, (iii) the actual electron distribution in the inversion layer, (iv) the charged-center correlation, and (v) the effect of image charges. A Monte Carlo calculation to obtain the effective mobility of electrons in an n-Si( 100) inversion layer by using the model proposed for Coulomb scattering has been developed. The importance of correctly taking into account the effects above to study Coulomb scattering in inversion layers is pointed out.
I. INTRODUCTION
It is well known that at least four types of electric charges exist at or near the interface of an insulatorsemiconductor structure: the tixed insulator charge, the interface-state charge, the charge of the ionized impurities in the semiconductor bulk, and the mobile-carrier charge.lt2 The first three types will be grouped hereafter under the name of external charges. The electric nature of the four types of charges causes a Coulombic interaction among them. This interaction is produced between the external charged centers themselves, between the mobile carriers themselves, and between the external charged centers and the mobile carriers. This last type of interaction is the topic dealt with in this article and so we group the scattering resulting from the interaction between external charged centers and mobile carriers under the general heading of Coulomb scattering. Nevertheless, we have also studied the influence of the charged-center correlation which can be considered to be a consequence of the interaction between the external charged centers themselves.
We have developed a general model for Coulomb scattering that can be directly applied to any heterointerface in which a quasi-two-dimensional electron gas is confined,3 such as is formed in modulation-doped heterostructures, or in an inverted insulator-semiconductor heterointerface. Nevertheless, to demonstrate the usefulness of the method presented here, we have applied it to the study of an inverted insulator-semiconductor heterointerface. For this reason, we call one of the two sides of the interface insulator when, in a more general sense, it could also be a semiconductor layer.
The influence of the external charged centers in the electron transport in semiconductor inversion layers and in semiconductor heterostructures has been widely demonstrated in the past, mainly for low values of the electron concentration.4-'0 Coulomb scattering has thus received a great deal of attention by previous researchers and has been shown to be a matter of great complexity, so that most authors have centered their analysis on only partial aspects. The points that affect the mobility and that therefore we must consider are the following: (a) electron distribution in the inversion layer, (b) distribution of external charged centers, (c) screening of charged centers by mobile carriers, (d) charged-center correlation, and (e) image charges. It has been demonstrated that all these points influence the mobility, but none of them alone could account for the mobility values. ' To reach good agreement between theoretical and experimental results, it is desirable to include all of these aspects simultaneously in a comprehensive model. Such a model is presented in this article.
The electron distribution in the inversion layer can be treated as a three-dimensional electron gas obeying classical laws2 or as a quasi two-dimensional electron gas contained in electric subbands if quantum effects are taken into account.4 '" This latter model seems more appropriate in most cases,12 since the inversion layer is contined in a very narrow region, and has been adopted in this article. Some authors have considered that electrons are in a sheet of charge6 and others include the spatial extension in the direction perpendicular to the interface with the envelope approximation, although sometimes only the ground subband has been considered4113 and the envelope function has been approximated by simple functions.9"3 We have adopted a more accurate model" in which several subbands have been included and the envelope function has been obtained by self-consistently solving the Poisson and Schrijdinger equations in the structure.
The screening of charged centers by mobile carriers was taken into account in early articles such as Ref. 4 , where only the ground subband was considered to contain electrons. For low transverse fields, where Coulomb scattering dominates over other mechanisms, the electron gas is not as confined and the amount of electrons contained in excited subbands is significant.r4 The model of Ref. 4 was extended in Ref. 10 , which is where we start from in this article, although we have incorporated significant improvements. The model considers the contribution of excited subbands to the mobility and allows the inclusion of the distribution of charged centers, but treats all of them as independent, thus overestimating the scattering. One of the improvements we have incorporated consists of including the effects of the correlation of charged centers. Correlation effects are important since the interaction among the charges causes the effect of one of them to partially overlap the effects of another and the potential fluctuations responsible for the electron scattering are weaker. This effect was considered in Ref. 6, but as a separate correction independent of the rest of the effects, and it has been included in this article in a comprehensive model. We have also formulated the model more generally, making it applicable with an arbitrary distribution of external charged centers placed anywhere in the structure.
Another improvement made here is the inclusion of image charges, both of the external charged centers, and of the charges responsible for the screening. Image charges are due to the differences in the permittivity of the two materials on either side of the interface,i5 and their effect might be of little importance in compound-semiconductor interfaces where the permittivity is almost the same throughout the whole structure, but its influence is greater in inversion layers in other materials, such as in Si-Si02 interfaces.
In Sec. II, the Coulomb-scattering model is presented in detail. To illustrate its application, Sec. III contains the results of a one-electron Monte Carlo calculation'6 in which Coulomb scattering has been included, adopting the model presented here, together with phonon and surfaceroughness scattering. The model has been applied to a Si-SiO, structure, and the different aspects above have been discussed and compared with experimental results. Nevertheless, as presented here, the model can also be applied successfully to other materials and structures, such as heterointerfaces with compound semiconductors.
II. THEORY
The transport properties of the electrons in a semiconductor inversion layer are modified by the presence of charged centers near the interface.7'9 Let peXt be the external charge density responsible for the Coulomb scattering. As a consequence of this charge density, the electrostatic potential is modified and its perturbation, @', obeys Poisson's law:"
where' r is a vector parallel to the interface and z is the coordinate perpendicular to it (the insulatorsemiconductor interface is assumed to lie in the z=O plane), E(Z) is the position-dependent permittivity overall, and E,, is the permittivity of the semiconductor. The first term of the right-hand member of Pq. (1) is the induced charge, which is the local modification of the electron charge density and is responsible for the screening. gi(Z) is the square of the electron envelope-function in the ith subband, and S, is the screening constant given by411' ,=f 3 2 Ed/
where e is the modulus of the electron charge, Ni is the number of electrons contained in the electric subband whose minimum energy is Ei:
and
where EF is the Fermi level, n"i the degeneracy of the considered electric subband, mdi the density-of-states mass, KB the Boltzmann constant, and T the temperature. Equation ( 1) had been solved for a pointed charge, Ze, located in the insulator, in the semiconductor, or at the interface between them when only the ground subband is occupied and assuming an approximate distribution function for the inversion-layer charge. 4 Yokoyama and Hess" solved Pq. ( 1) for a point charge located at r= (O,zc), using self-consistently calculated envelope wave functions." In this article, the latter formulation is used to solve Pq. ( 1) for an arbitrary distribution of charge although significant improvements have been incorporated. Details of the calculation are given below.
Multiplying expression ( 1) by ewiQ" and integrating over r, one obtains the following integro-differential equation for the Fourier transform of electrostatic potential perturbations:
Multiplying Eq. (5) by ( l/Q>e-Qlz-zll with z> 0 and integrating for z1 > 0 [assuming that V(Q,z) and its derivative must be zero when they are far from the interface], the Fourier transform of the electrostatic potential perturbations for z> 0 is then written as V(Q,z) = -$ j- L, and L, are the semiconductor and the insulator width, respectively, and p,,(Q,z) is the Fourier transform of the semiconductor charge density responsible for Coulomb scattering. Similarly, the Fourier transform of the potential perturbations for z<O can also be obtained:
with pins( Q,z) being the Fourier transform of the insulator charge density responsible for Coulomb scattering.
Using Eqs. (6a), (6b), and the boundary condition17 dV I dV e3c~ z=o+-eq z=o-=-oB(Q)~ (7) where CT,(Q) is the Fourier transform of the interface charge density responsible for Coulomb scattering, the Fourier transform of the potential perturbations in the semiconductor (z>O) is written as In Eq. (10) two terms proportional to the difference pressed more succintly by using Green's function," de&ed between the two dielectric constants can be noted. These here as terms account for the image charges, one of them for the induced-charge image and the other for the extemalcharge image. Expressions (10a) and (lob) can be ex-
Hence, the integro-differential equation for the two dimensional Fourier components of the potential fluctuations is reduced to
Pat ( &I > GQ(WI > . ( 12) --L1
Equation (12) has been formulated in terms of an arbitrary external-charge density. To solve this equation we make the ansatz equal to
And V( Q,z), given in expression ( 13), is the solution of Eq. (12) if (p(Q,z,z') is the solution to the following equation:
Expression (15) is the application of expression (12) to the case of a pointed charge located at (0,~'). [It would have been obtained directly from
We have thus managed to convert a problem involving many charges, even several kinds of charges distributed anywhere, to easier problems involving only one charge in each of them. In order to solve Eq. (15) a self-consistent method has been used. " We have developed an improved procedure which offers good initial results for the entire range of Q values. To estimate the initial value (for the numerical iterative procedure) of 4(Q,z,z'),gi (zz) is approximated by a sum of weighted delta functions located at the gi(z2) maxima, giw = jl aipS(z2-Z& (16) where z& are the relative maxima of gi(z), and a+ the corresponding weights proportional to the maximum amplitudes, obtained by imposing normalization to unity. By assuming that all the maxima of gi(zZ) fall in the semiconductor (z>O), Eq. (15) is then written as
With this approximation, it is only necessary to obtain 4 ( Q,zi, ,z' > for all the subbands considered to calculate the first estimation of ~(Q,z,z'>. By applying expression ( 17) to each of the maxima of gk(z) [z=z~,, is the position of the %%h maximum of gk(z>], we obtained
where
and 6,= 1 for i= j and 0 otherwise. Expression ( 18) is a linear equation system where the unknowns are 4( Q,ziP,z'). Once system (18) has been solved, the initial estimation of 6' (Q,z,z') can be obtained from expression ( 17). Based on these initial values, Eq. (15) is solved iteratively.
Once the Fourier transform of the potential perturbations due to a pointed charge located at (0,~') has been evaluated by this procedure for every z', we can obtain the Fourier transform of the potential perturbations due to the external-charge density responsible for Coulomb scattering by evaluating expression ( 13).
The Coulomb scattering rate for an electron of wave vector k in the ith subband, when the final state is in the jth subband, can now be calculated by the Golden rule:
where c[(z) is the envelope function in the ith subband and H'(Q,z) = -eV(Q,z9 is the perturbation Hamiltonian given by
-4
where Q=k-k'. E and E' are the initial and final energies of the scattered electron and S is the interface area.
For simplicity, we have assumed that the external charge distributions responsible for Coulomb scattering are conceptually divided into two-dimensional sublayers parallel to the insulator-semiconductor interface. Let Azt be the thickness of the tth sublayer, z, the center of the sublayer, and a,(r,z,) the charge density per unit area in the tth sublayer, and ai ( Q,zt) its Fourier transform. Instead of (13) 
The scattering rate between subbands 2 and j is then given by
In order to evaluate expression (23) and thus obtain the scattering rate, we need to know a, (r,z,) , that is to say, the external charge density which is responsible for Coulomb scattering. In a simplified model of an insulatorsemiconductor interface, charged centers are considered to be uniform charge sheets. In this idealized model, the electrons in an n-type inversion layer would not be scattered by charged centers,6 which would simply be included in determining the surface potential versus gate-voltage relationship. However, since real charges are localized,2 the actual band bending fluctuates along the interface, and as a consequence, the electrons are scattered by these spatial fluctuations which modify their transport properties. l9 Therefore, what actually scatters the electron are the spatial variations of the charged centers in a plane parallel to the interface.7 Therefore, a,(r,z,) represents the spatial variations in the plane parallel to the interface of charge density in the tih sublayer:
where qr is the charge' of a charged center in the tth sublayer, and Kt( r,z) the charged-center density fluctuations in the tth sublayer, defined as %r,zt) =q(r,z& --N,, s WA d%
S with n,(r,z,) being the two-dimensional charged-center density in the fth sublayer. Equation (23) can then be written as
As shown, the proposed method allows one to calculate the Coulomb scattering rate that an electron of wave vector k undergoes in a semiconductor inversion layer as a consequence of the spatial variations of the charged-center density in a plane parallel to the interface.
To evaluate expression (29)) we need to know the actual position that every charged center has in the device. On one hand, this is very diacult since for a given device we can never obtain the actual position of every charged center, but only the average values of charges and their mean positions (by combining several techniques) ,' and on the other hand it is a useless exercise, since the results obtained by these means will only be valid for this particular distribution. We therefore need an averaged Coulomb scattering rate related to the averaged macroscopic properties of the device.
Let N be the total number of charged centers in the structure, and P(rl ,r2 ,..., r,)dr, dr, . ..dr. the probability that charged-center 1 is located in drl , charged-center 2 is located in dr,, and so on. The normalization condition is s Ph9r2,r3) ,..., rN)drl dr2 dr3...drN= 1.
The averaged Coulomb scattering rate in the ith subband is then (31) where by definition Gamiz et a/.
( f}avg= s drldr2 . . . . . drNP(rl,rz ,...., rN) f (r1,r2 ,...., cN) . (32) As IM$j' (Q,zt,zU> 1 2 and I&@) (Q,z,> 1 2 only depend on the distance of the sublayers to the interface but not on the position of the charged centers in the plane parallel to it, we obtain, using expressions (29) Coulomb scattering rate is finally written as
Expression (34) is the Coulomb-scattering rate for a transition from subband i to subband j. Transitions involving different valleys can be considered by taking into account the valley separation in the k space and accounting for the degeneracy of the flnal valleys. In general, the matrix element for the larger wave vectors involved in these intervalley transitions, 1 LV,('*~) ( Q,zt) I 2, is quite small,20 and the intervalley rate due to Coulomb scattering will then also be much smaller than that of the intravalley. Besides, the scattering rate for intersubband transitions in the same valley is much smaller than the intrasubband scattering rate due to the reduced overlap factor in the transition matrix element. lo Therefore, we have included below only intrasubband transitions:
Equation (35) explicitly includes the charged-center distribution and correlation, while the effects of electron distribution, image charges, and screening are contained in the matrix element I MI" (Q,zJ I 2. The screening constant S, used in this work has been taken into account in the long wavelength limit. A more complete treatment would inelude a dependence in the Q vector.'l Stern= has shown that at low temperatures this expression yields results significantly different from the expression employed in our article. However, we have also obtained the twodimensional Fourier component of the potential fluctuations due to external charged centers taking into account the dependence of S, on Q for the temperature range considered in our study. We have found that only for strong inverted layers at the lowest temperatures may our approximation be insufficient and the most complete expression need to be considered. In any case, the inclusion of one or the other expression is straightforward in the formulation.
To include the charged center correlation we have derived an expression for (&( Q,zt)nT (Q,z,) )aVg in terms of two-dimensional distribution functions considering the simple hard-sphere model, according to which the distribution of charged centers is assumed to be random to the extent that no two centers can be found within a radius of R, from each other. In this case one obtains7 (n;(Q)$(Q)),=; ( l-2cJ;;~t'),
where J1 (x) is the first order Bessel function, Ct=nRzNt is a parameter which is a measure of the degree of correlation (C,=O corresponds to a completely random distribution; C,=l corresponds to uniform distribution of point charges).
As it is assumed that Coulomb scattering assists intraband transitions, the difference between the wave vector before and after the scattering is small and we can approximate Qr2k sen (e/2), where 8 is the angle between initial and final wave vectors. Expression (35) is finally given as r,(k)+ $ j-; [cj;( l-"($r')) x lM;*9(Q,zt> 1 2 de, I
I371 where rn? is the parallel mass of the electron in the ith subband. Expression (37) can be used for calculating the Coulomb-scattering rate in simulation procedures; we have included it in a Monte Carlo calculation of the electron transport properties. Details of this calculation are given in the next section.
III. SIMULATION RESULTS AND DlSCUSSlON
We have employed this theory to study the effect that Coulomb scattering has on the mobility of electrons in an n-Si( 100) inversion layer, for which a one-electron Monte Carlo method has been developed. Although our study of Coulomb scattering has been applied to the metal-Si-Si02 structure, the proposed model in Sec. II is completely general and could be applied to any semiconductor inversion layer and any heterointerface. Most of the results and discussion presented here should therefore also apply to electronic transport in other structures.
We have considered the Si/SiOZ interface to be parallel to a [lOO] plane and the (011) direction of the n-inversion layer to be the direction of the driving field. In these conditions, if an electric field is applied perpendicularly to the interface, the energy bands are bent down and a potential well is defined. The degeneracy of the six equivalent minima of the silicon conduction band breaks and the electrons are distributed in two sets of subbands: One set arises from the two equivalent valleys showing the longitudinal mass in the direction perpendicular to the interface (E,,E, ,...) and the other one from the four equivalent valleys showing the transverse mass in the same direction (EA,E; ,...). To obtain the effective transverse-electric field, the energy of the subbands, and the envelope function normal to the interface, we have self-consistently solved the Schriidinger and Poisson equations" for each value of the surface potential. Although some authors have considered that it is an acceptable approximation to suppose that most of the electrons are in the lowest three subbands,23'24 we have observed appreciable differences when considering a greater number of subbands.= We therefore decided to allow the electron to move in six subbands in our Monte Carlo calculation even though we considered twenty subbands for the solution of the Poisson and Schriidinger equations. The occupation of higher subbands forces us to include the contribution of several subbands in the transport and to allow transitions among them.26 In these conditions, phonon scattering mainly causes one of two types of electron transitions:3 (a) intravalley acoustic transitions and (b) intervalley optical transitions, both of which have been adapted from their treatment in silicon bulk27 to use them in Si( 100) inversion layers. The scattering probabilities of these mechanisms have been deduced from the matrix elements for the scattering of electrons by bulk phonons, and using Price's formulation.28 The coupling constants, deformation potential, and phonon temperatures have been adjusted so that the phonon-limited mobility of the electrons in the silicon inversion layer approaches the bulk value as the transverse electric field approaches zero. 29 We have considered interactions both in zero and firstcoupling order. The low-energy intervalley phonons considered in the model are forbidden in zero order,30 so they have been treated via first-order interaction.31 The firstorder inter-valley scattering has been shown to play an important role in hot-electron transport in silicon-inversion layers;32 our results show that this mechanism is also important in ohmic transport.25 A detailed study of the electron-phonon interaction has been published recently.33
In addition to Coulomb and phonon scattering we have considered surface-roughness scattering in the Ando's approach with a Gaussian model which depends on the spectral distribution of the roughness at the interface.3 Other models34 have been proposed in the literature to take into account the effect of the separation of the interface from an ideal plane. Some models have included screening of this scattering. 35 We have centered this article on Coulomb scattering but have added surface-roughness scattering in order to reproduce the mobility behavior for high transverse-electric fields. We have chosen the values of the surface roughness parameters to achieve a good adjustment. Therefore, we will no longer include any further discussion on surface roughness in this article.
Taking into account all the above scattering mechanisms, (phonon, surface roughness, and Coulomb scattering) the mobility of the electrons in the inversion layer has been obtained by calculating the mean velocity along the inversion layer for several values of the longitudinal electric field and extrapolating to zero. We have chosen the lowest range of the longitudinal field that allows the calculation without excessive noise.
In order to study the effect that Coulomb scattering has on electron transport properties, we first determined in which conditions of temperature and transverse effective field (as defined in Ref. 36), Coulomb scattering is important. Figures 1 and 2 show the dependence of the total scattering rate, and of the rate for each scattering mechanism on the electron kinetic energy. Plotted data in each figure correspond to the ground subband for a low and a high transverse electric field, respectively. In Fig. 1 the temperature is T = 300 K while in Fig. 2 it is T=77 K. The mean electron kinetic energy is marked in each figure with a vertical line. The total scattering rate is shown by a solid line. It is evident from these two figures (dashed-line) that Coulomb scattering is the main scattering mechanism at low electric fields regardless of temperature. However, the situation is completely different when the effective transverse field is higher. In this case, the induced charge density is much larger and thus the screening of charged centers by mobile carriers is much more effective, thereby decreasing the Coulomb-scattering rate. Both figures also indicate that phonon scattering acquires importance as the temperature increases. With regard to surface-roughness scattering, it is shown to increase as the effective electric field increases, being the main scattering mechanism for high electric fields.
Once we determined in what conditions Coulomb scattering is important, we studied its effects on the transport properties of electrons in silicon inversion layers. To do so, effective mobility curves versus the effective transversal electric field have been obtained in different conditions of temperature, charged-center density, correlation, and position of charged-center distributions. These aspects are studied below.
A. Effect of temperature
The influence of temperature on Coulomb scattering has already been seen in Figs. 1 and 2 . It is apparent in these figures that the lower the temperature the more important the effect of Coulomb scattering versus the rest of the scattering mechanisms. In order to see the temperature effect, more clearly we obtained different effective mobility curves versus the effective transverse electric field for several temperatures. Figure 3 shows mobility values for a charged-center density of N =4X 10" cm-' and for a substrate doping of NA=10 12" cm-'. We have assumed a single layer of charged centers located right at the interface (zo=O).
B. Effect of charged-center concentration
To demonstrate the effect of charged-center concentration on the transport properties we obtained mobility curves for different values of charged-center densities (Fig.  4) . Here we have also assumed that all the charged centers are located in a layer parallel to the interface at the plane z=ze. We have imposed C= 1 (charge-center correlation) and a substrate doping of NSd= lOI cm-'. As expected, the higher the concentration, the lower the mobility. It is also apparent that all the curves are almost superposed at high electric fields, which indicates that Coulomb scattering loses its importance with respect to the other mechanisms, mainly surface-roughness scattering, as the electric fields grows, which is in agreement with the conclusions from Figs. 1 and 2.
C. Effect of the position of charged centers Figure 5 shows the effective mobility of electrons in a silicon inversion layer versus the transverse effective electric field for different charge layers, parallel to the interface, located at z=zo. It can be observed that the scattering of electrons by charged centers quickly decreases when the charge is kept away from the interface. For charges placed at 100 A or more from the interface, Coulomb scattering is negligible.
The model we have developed and presented in this article has allowed us to study the influence of simultaneous charged-center layers. We have obtained the effective mobility by assuming that charged centers are distributed in two layers parallel to the interface: one is located within the oxide at the plane z=zo, while the other is assumed to lie right at the interface. Curves shown in Fig.  6 were obtained at a temperature of T =300 and a substrate-doping concentration of NA =9 X lOI cme3.
D. Effect of image charges
We have also applied the formulation developed in Sec. II to study the effect on the mobility of the difference in the permittivity of the two materials on either side of the interface. We have assumed that all the charged centers are located in a layer parallel to the interface at plane z=zo, and that the temperature is T=300 K. We have imposed the following values: C= 1 (charge-center correlation), an oxide-charge density of iVo=0.8 X 10" cmw2, and a substrate doping of NA= 1016 cm '-3 10" cm-*, G=O). The curves were obtained at a temperature of T= 300 K and a substratedoping concentration of N/=9X 1014 cmW3.
7 for three different cases: curve (1) was obtained by neglecting image charges (i.e., by assuming that the permittivity of the SiO, coincides with that of silicon); curve (2) was obtained by considering only the image of the oxide charge; and in curve (3) all the image-charge effects have been taken into account. The data in Fig. 7 (a) are for an external charge placed right at the interface, and Fig. 7(b) corresponds to a sheet of charge placed within the oxide, at 20 A from the Si-Si02 interface. These curves show the appreciable influence of image charges: if their effects are completely ignored, Coulomb scattering is underestimated, but if only the image of the external charge is considered, neglecting that of the induced charge, Coulomb scattering is overestimated due to an underestimation of the screening.
E. Effect of charged-center correlation Figure 8 shows curves of effective mobility versus the effective field obtained for T=300 K and N,,=0.8~ 10" cm-' for different positions of the charge distributions. Dotted-line curves correspond to a two-dimensional charge distribution in a plane parallel to the interface at 50 A from it, and solid-line curves are for a distribution right at the interface. In both cases, correlation of the charged centers has the effect of reducing scattering, and hence increasing the mobility since if charges are randomly distributed the perturbation is locally greater than for uniform distribution. It is also apparent that the lower the transverse electric field the greater the correlation inlluence. This was expected, since at low fields the interaction with charged centers is stronger due to lower screening.
F. Comparison with experimental results
The Monte Carlo simulation, with our Coulombscattering model, has been observed to reproduce the experimental results quite well. We have used, for compari- son, both experimental results measured in our laboratory37 and others taken from the literature. 38'39 In Fig. 9 , experimental mobility curves (solid line) taken in our laboratory are compared to computed data (symbols) at three different temperatures. Both the magnitude and the bell-shaped behavior are well reproduced with our model.
IV. CONCLUSIONS
We have reiined an existing theory to study the transport properties of electrons in semiconductor inversion layers, useful in both semiconductor inversion layers and in other heterostructures. We have proposed a comprehensive model for Coulomb scattering that simultaneously takes into account the effects of screening of charged centers by mobile carriers, the distribution of charged centers into the insulator, the actual electron distribution in the inversion layer, the charged-center correlation, the effect of image charges, and the influence of the rest of the scattering mechanism.
In order to study Coulomb scattering of electrons in semiconductor inversion layers we have developed a one- electron Monte Carlo procedure, and applied it to an n-Si( 100) inversion layer. The importance of Coulomb scattering versus the other mechanisms has been shown, mainly at low transverse-electric fields. We have also pointed out the importance of correctly taking into account the effect of image charges, both external and induced. The correlation of charged centers has been shown to play an important role, and considerably modifies the effective mobility. tration, the greater the scattering and the lower the electron mobility, and the farther from the interface the charged centers are, the smaller the influence they have on the electron mobility.
